INTRODUCTION
Rab proteins comprise a large family of Ras-related GTPases that are ubiquitous regulators of intracellular vesicle transport processes. The precise molecular functions of Rab proteins remain elusive but their significance is indicated by the severe transport defects that can result from mutations in Rab genes [1] [2] [3] . An important aspect of understanding the function of any protein is a knowledge of the full complement of proteins with which it interacts, and of the physical and biochemical nature of the interactions. Several proteins that interact with many, and possibly all, members of the Rab family have been identified. These include Rab escort protein [4] , which associates with nascent Rab proteins and presents them to geranylgeranyl transferase II for C-terminal prenylation [5] ; Mss4, which seems to act as a chaperone for several guanine nucleotide-free Rab proteins [6] ; and GDP dissociation inhibitor, which extracts Rab proteins from the target membranes of transport reactions for recycling to the donor membranes [7] .
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bonds within Switch II to determine more precisely the limits of the nucleotide-dependent protease-accessible region. The Rab4 cleavage sites corresponded to Arg-81 and Pro-87 of Rab5, and taken together with the finding that Rab5 was not cleaved at Arg-91 this analysis defines an eight-residue surface-exposed conformationally variable region lying in the centre of Switch II. A sequence comparison of Rab proteins shows these eight residues to have a loosely conserved motif that we term Switch II(v) for its relative variability. C-terminal to Switch II(v) is a highly conserved Rab-specific YYRGA motif that we term Switch II(c) for its constant sequence. N-terminal to Switch II(v) is a sequence-invariant G-domain involved in nucleotide binding and hydrolysis. We propose that the Rab Switch II(v) region imparts specificity to nucleotide-dependent protein-protein interactions.
cycle [10] [11] [12] and functional analysis of its role in endocytosis [13, 14] . However, only limited data are available on the regions of Rab5 that interact with other proteins. These include the identification of five regions that confer Rab5 function on Rab6\Rab5 chimaeras : the N-terminus, loop 2, helix α2\loop 5, helix α3\loop 7, and the C-terminus [15] . The N-terminus has been further implicated in Rab5 function by limited proteolysis and peptide competition [16] . Because the interactions of most proteins with Rab5 are nucleotide-dependent, it can be assumed that Rab5 surface regions whose conformations are nucleotidedependent participate in these interactions. All regulatory GTPases that have been crystallized with both GDP and GTP analogues bound to them show marked nucleotide-dependent conformational variability in two regions termed Switch I (residues 30-38 in Ras) and Switch II (residues 60-76) [17] [18] [19] [20] . Switch I overlaps the ' effector domain ', initially defined for Ras by point mutations that disrupt its effector functions. Switch II residues also interact with Ras effector proteins, as well as interacting with exchange factors [21] .
In the present study we used limited proteolysis coupled with peptide sequencing and MS to identify Rab5 surface regions that are conformationally variable in a nucleotide-dependent fashion. Similar studies were also performed with Rab4 to take advantage of scissile sites distinct from those in Rab5 to refine the boundaries of the proteolysis-susceptible regions. Homology modelling based on empirical structures of Ran and Ras was used to resolve an ambiguity in the assignment of one proteolytic site, to explain the nucleotide dependence of another site, and to predict the nucleotide-dependent conformations of Rab5 surface regions revealed by proteolysis. Stimulated by results of the proteolytic analysis, we also performed a sequence comparison of the Switch II residues of Rab family proteins. This reveals a somewhat variable motif overlying the region of Switch II accessible to trypsin, and a highly conserved motif overlying the region of Switch II inaccessible to trypsin. The significance of our findings for structure-function analysis of the interactions of Rab proteins with other macromolecules is discussed.
MATERIALS AND METHODS

Protein expression and purification
Human Rab5A protein was expressed in Escherichia coli and purified as described [10] . The Rab5 D136N mutant was purified from a urea extract and refolded by dialysis [22] . Recombinant human Rab4 was expressed as a His-tagged protein from the pET15b plasmid (Novagen, Madison, WI, U.S.A.) and purified as follows. A 100 ml E. coli cell culture was pelleted, then lysed in 10 ml of buffer [20 mM Tris\HCl (pH 8.0)\2 mM 2-mercaptoethanol\5 mM MgCl # \1 µM GDP] and centrifuged at 20 000 g for 1 h ; the supernatant was passed through a glass fibre filter. The filtrate was supplemented with 0.1 % (v\v) CHAPS, 5 mM imidazole and 0.5 M NaCl, then applied to a 2 ml HisBind column (Novagen), washed with the same buffer supplemented with 60 mM imidazole, and eluted with 100 mM imidazole. The purified protein was concentrated on a Centricon 10 membrane (Amicon, Beverly, MA, U.S.A.), washed twice with storage buffer [20 mM Tris\HCl (pH 8.0)\1 mM EGTA\2 mM 2-mercaptoethanol\5 mM MgCl # \1 µM GDP\0.1 % (v\v) CHAPS] to remove imidazole, then stored at k80 mC.
Proteolysis and protein sequencing
Proteolysis was performed by using trypsin treated with 1-chloro-4-phenyl-3--toluene-p-sulphonamidobutan-2-one (' TPCK ') (Sigma, St. Louis, MO, U.S.A.) as described [10, 22] . In brief, proteins were exposed to trypsin for 15 min at 30 mC in proteolysis buffer [20 mM Tris\HCl (pH 8.0)\1 mM dithiothreitol\1 mM EGTA\5 mM MgCl # \0.1 % (v\v) CHAPS\ 50 nM GDP]. The reaction was stopped by adding 4iLaemmli sample buffer [23] and boiling for 5 min, unless binding assays were planned (see below). The polypeptide products were then separated electrophoretically in polyacrylamide gels buffered with Tris\Tricine [24] . For analytical purposes, 2.5 µg of Rab protein was incubated with trypsin in 50 µl of proteolysis buffer ; polypeptide products were detected by Coomassie Blue G-250 staining of polyacrylamide gels. For peptide sequencing, 5 µg of Rab protein was proteolysed, resolved by SDS\PAGE, electrotransferred to Immobilon-P membranes (Millipore, Bedford, MA, U.S.A.) and stained with Coomassie Blue G-250. Bands were then cut out and peptides were sequenced in a 370A automatic sequencer (Applied Biosystems, Foster City, CA, U.S.A.). At least ten N-terminal amino acids were determined for each peptide.
Nucleotide binding assay
Rab5 wild-type and D136N proteins (2 µM) were treated with trypsin in proteolysis buffer for 15 min. Reactions were stopped with the serine protease inhibitor 4-(2-aminoethyl)benzenesulphonyl fluoride (AEBSF) (Calbiochem, La Jolla, CA, U.S.A.) (4 mM) and added to 100 µl of binding buffer to make the Rab5 protein concentrations 50 nM. The amounts of resulting peptides were estimated by an analysis of gels stained with Coomassie Blue G250 on an Ultroscan XL densitometer (Pharmacia LKB, Piscataway, NJ, U.S.A.). Competitive nucleotide binding was performed as described previously [22] .
MS
Rab5 or Rab4 protein (25 µg) was digested for 15 min with trypsin in a total volume of 500 µl of proteolysis buffer. The reaction was stopped by the addition of 4 mM AEBSF, transferred to a Microcon 10 concentrator (Amicon) and washed three times with deionized water. Matrix-assisted laser desorption\ionization mass spectra were obtained on a Voyager Elite time-of-flight mass spectrometer (PerSeptive Biosystems, Vestec Products) equipped with a nitrogen laser (wavelength 337 nm, 3 ms pulse). The matrix used was a saturated solution of sinapinic acid in acetonitrile\water\trifluoroacetic acid (70 : 30 : 0.1, by vol.). A 0.7 µl volume of the matrix was placed on the target, 0.5 µl of sample solution was added and the sample was allowed to dry at room temperature. The positive-ion linear mode was used with an accelerating voltage of 25 kV. Data were acquired with a TDS 520 oscilloscope (Tektronix, Beaverton, OR, U.S.A.) ; each spectrum was produced by accumulating data from 50-100 laser shots. Mass was calibrated with bovine carbonic anhydrase ([MjH] + l 29 022) and bovine insulin ([MjH] − l 5734.5) (Sigma) as standards.
Homology modelling
Modelling was performed with QUANTA\CHARMm, Release 4 (Molecular Simulations, San Diego, CA, U.S.A.) running on an Iris workstation (Silicon Graphics, Mountain View, CA, U.S.A.). PDB files with atomic coordinates for Ras were downloaded from the Brookhaven Protein Data Bank [25] : lq2l for GDP-bound Ras [18] and 5p2l for GTP-bound Ras [17] . Atomic coordinates for Ran were provided by Dr. Klaus Scheffzek [26] . Sequences were aligned in pairs, protein backbones were optimized by energy minimization and hydrogen atoms were added ; the models were then refined with the DISCOVER program (Molecular Simulations) as follows. The force field employed was the all-atom version of AMBER, with a distancedependent dielectric [27, 28] . During the calculations of molecular mechanics, no non-bonded cut-offs were in effect and no restraints were applied. Extensive energy minimization was then performed by the successive application of Steepest Descent and Conjugate Gradient minimizers. Minimization of each model was continued until the maximum derivative of energy fell below 1.0 kcal\mol (4.2 kJ\mol). Secondary structures were identified by the method of Kabsch and Sander [29] .
RESULTS
Limited digestion of Rab5 with trypsin
Increasing the trypsin concentration in incubations of constant duration led to the progressive digestion of Rab5:GDP ( Figure  1a ). With 1.25 ng of trypsin the major products were polypeptides of approx. 25 kDa (indistinguishable from the intact protein) and 20 kDa. The 20 kDa polypeptide contaminant present in the absence of trypsin seemed to be an N-terminal Rab5 product of digestion by a bacterial protease, as described previously [10] . With greater amounts of trypsin the 25 kDa polypeptide was completely digested to the 20 kDa polypeptide product. At still higher trypsin concentrations the 20 kDa polypeptide disappeared and two polypeptides of 8 and 12 kDa were observed.
Figure 1 Proteolysis of Rab5 and Rab4 proteins
Rab5 (2.5 µg) (a) or Rab4 (2.5 µg) (b) was digested with the indicated amounts of trypsin in a 50 µl reaction volume that included 50 nM GDP. The products of Rab protein digestion were identified by Coomassie Blue staining of 12 % (w/v) polyacrylamide gels, whereas the products of trypsin self-digestion were too small to be detected. The positions of molecular mass standards are shown (in kDa) at the left, and the inferred molecular masses of the major products of proteolysis are shown at the right.
We have shown previously that the 25 kDa polypeptide is protected by GTP, the 20 kDa polypeptide is protected by GTP or GDP, and the 8 and 12 kDa polypeptides are the major proteolytic products in the absence of added nucleotides or in the presence of GMP [10, 30] . In keeping with these findings, the Rab5 S34N mutant with impaired nucleotide binding was recently shown to be rapidly digested to 8 and 12 kDa fragments without the transient appearance of the 20 kDa intermediate [31] .
To measure the nucleotide-binding properties of the Rab5 proteolytic fragments in solution, we stopped the proteolytic reaction with the water-soluble serine protease inhibitor AEBSF. AEBSF did not influence the binding of [$&S]guanosine 5h-[γ-thio]triphosphate to the intact protein (results not shown). In the presence of 12.5 ng of trypsin, the 20 kDa polypeptide was generated almost stoichiometrically from the full-length protein (Figure 1a) . The 20 kDa polypeptide bound guanyl nucleotides with the same affinity and stoichiometry as the intact protein, and its affinity and capacity for the non-cognate nucleotide XTP were also unchanged (Figure 2a) . To extend these observations we performed the same set of experiments with the Rab5 D136N mutant, which has reversed affinities for guanyl and xanthyl nucleotides. Cognate and non-cognate nucleotide binding by the 20 kDa Rab5 D136N polypeptide was indistinguishable from that of the full-length protein (Figure 2b ). Similar results have been obtained with H-Ras, wherein two C-terminal truncated proteins (residues 1-182 and 1-166) had unaltered guanyl nucleotide binding [32] .
Further digestion of Rab5 wild-type and D136N proteins did alter nucleotide binding. Proteolytic digests containing predominantly 8 and 12 kDa polypeptides displayed a fraction of the original number of binding sites ( Figure 2 ) commensurate with the mass of residual 20 kDa polypeptide measured by laser scanning densitometry of Coomassie-stained polyacrylamide gels (results not shown). These results indicate that the 8 and 12 kDa polypeptides do not generate a nucleotide-binding site, which is not surprising considering that two of the four G-domains that directly interact with bound nucleotides are located in each of the two resulting fragments (see below). Nevertheless the fact that the 8 and 12 kDa polypeptides were present in equimolar concentrations and not rapidly digested to smaller fragments (Figure 1) suggests that, despite losing the capacity to bind guanyl nucleotides, they associate in the presence of Mg# + ions to maintain a protease-protected conformation. In the absence of Mg# + ions these polypeptide fragments are rapidly digested [10] .
Identification of the sites of Rab5 proteolysis
Trypsin cleaves peptide bonds C-terminal to arginine and lysine residues. We determined which of the 11 arginine residues and 13 lysine residues of Rab5 are accessible to trypsin by using Nterminal amino acid sequencing and MS. Sequencing the fulllength recombinant protein revealed an intact N-terminus except for the initiating formylmethionine residue, yielding a predicted molecular mass in good agreement with that measured by MS (Table 1) . Sequencing the 20 kDa fragment gave a mixture of two peptides with the amino acid sequences ASRGATRPNG (66 %) and GATRPNGPNT (33 %). Thus the 20 kDa fragment is derived from the N-terminus of the protein (Figure 3) , with most of the polypeptide having an intact terminus (minus a methionine residue), but some having lost three additional N-terminal amino acids. Mass measurement did not allow us to assign the Cterminal site of proteolysis unambiguously to Arg-195 or Arg-197 (Table 1) , but molecular modelling suggested that Arg-197 is the major site (see below). The 8 and 12 kDa fragments had the following N-terminal sequences, respectively : GATRPNGPNT and YHSLAPMYYR. Together with mass determination, this identifies the 8 kDa polypeptide as Gly-5-Arg-81 (calculated molecular mass 8400 Da) and the 12 kDa polypeptide as Tyr-82-Arg-197 (12880 Da), assuming that Arg-195 is not a site of digestion. In summary, the major sites of Rab5 proteolysis are Arg-4, Arg-81 and Arg-197. Of these, Arg-197 is the most susceptible to proteolysis, and Arg-81 the least so.
Refinement of the trypsin-accessible boundaries of the Rab Switch II region
The Arg-81 site of Rab5 proteolysis lies within a region corresponding to the conformationally variable Switch II of other GTPases [17] [18] [19] 33] . To determine more precisely the extent of the Rab Switch II region with nucleotide-dependent trypsin accessibility, we performed proteolysis experiments with Rab4 similar to those performed with Rab5. Additional arginine residues in Rab4 that can be probed with trypsin lie between the amino acid positions corresponding to Rab5 Arg-81, which is cleaved, and Arg-91, which remains intact (Figure 4 ). The Rab4 protein was His-tagged and included a thrombin cleavage site, but these residues are excluded from the reported data. Digestion of Rab4 gave essentially the same pattern as Rab5 except that 
Figure 3 Amino acid sequence alignment of Rab5 and Rab4
N-terminal sequences determined by automated Edman degradation are shown in outline font, and consensus G-domains are shadowed. The amino acid sequences of the 8 kDa fragments inferred from sequence analysis and MS are singly underlined, and the inferred amino acid sequences of the 12 kDa fragments are doubly underlined.
Figure 4 Sequence alignment of Rab Switch II
The G-domain involved in nucleotide binding is shown in outline font, the sequence-variable and trypsin-accessible region of Switch II is shown in bold font, and the sequence-constant trypsininaccessible region of Switch II is shown in outline font. Rab5 Arg-81 and corresponding residues in other Rab proteins are doubly underlined. The human H-Ras Switch II region is presented for comparison.
progression from a 20 kDa polypeptide to 8 and 12 kDa polypeptides occurred at lower concentrations of trypsin (Figure 1b) , possibly because Rab4 has multiple trypsin-sensitive sites in the Switch II region, whereas Rab5 has only one (see below). The major digestion products of Rab4 (calculated molecular mass 
Protein homology modelling
To determine the nucleotide-dependent conformations of Rab5 corresponding to those revealed by proteolysis, we performed homology modelling ( Figure 5 and Table 2 ). For comparison of GTP-bound and GDP-bound conformations of the Rab5 Switch II region, we used H-Ras structures. However, the position of Arg-l97 could not be modelled with Ras as a template because the crystallized Ras protein was truncated at its C-terminus. Therefore the Ran structure, whose coordinates are available only for the GDP-bound form [26] , was used as a template to build a third model. We refer to our three models as Rab5 Ras :GDP, Rab5 Ras :GTP, and Rab5 Ran :GDP, where the subscripts denote ' Ras-based ' or ' Ran-based '. The models are shown in Figure 5 , and a detailed analysis of secondary structural differences between them is presented in Table 2 . The overall architecture of the protein, a six-stranded β-sheet surrounded by six α-helices, is conserved in all three models, although the 
Table 3 Root-mean-square deviations among Rab5 models
Root-mean-square devations of the Rab5 models described in Table 2 were calculated by using the best superpositions of α-carbons 21-174. precise lengths of helices and strands vary slightly. The sixth helix is seen only in the Ran-based model because the corresponding residues are absent from the other two. Table 3 summarizes the overall structural differences between our three models and an earlier Rab5 model built by Stenmark et al. [15] , which is based on Ras:GTP. It is worth noting that the last model has a Gly residue at the important position 81 that has since been corrected to Arg-81 [10] , as in our models.
Arg-81 in GDP-bound and GTP-bound Rab5
Nucleotide-dependent solvent accessibility and interactions within chains ( Figures 5 and 6 ) provide an explanation for the smaller susceptibility of Arg-81 to digestion in the presence of GTP than in the presence of GDP [10, 30] . The side chain of Arg-81 juts outwards into the solvent in Rab5 Ras :GDP and Rab5 Ran :GDP, whereas it is folded against the surface of the protein in Rab5 Ras :GTP ( Figure 5 ). In GTP-bound Rab5 (Figure  6b ), the Arg-81 side chain forms two strong hydrogen bonds with the backbone carbonyl groups of Thr-52 and Ile-53. These interactions seem to stabilize the Arg-81 side chain in that conformation, protected from proteolysis by the surrounding residues 52-54. In contrast, in GDP-bound Rab5 (Figure 6a ) these residues are too far from the Arg-81 side chain for stabilizing interactions to occur.
Arg-195 and Arg-197 of the Ran-based Rab5 model
We analysed the Rab5 Arg-195-Arg-197 region and its environment in a similar fashion by using the Ran-based model to determine the likely site of tryptic digestion because MS analysis did not unambiguously identify the site. The Arg-195 side chain forms four hydrogen bonds with the side chains of Asn-192 and Broken lines mark hydrogen bonds, and the two arrows point to the peptide bonds cleavable by trypsin (see the text for discussion). The colouring scheme is as described in the legend to Figure 6 .
Asn-171, effectively burying this amino acid from the solvent (Figure 7 ). In contrast, Arg-197 is exposed to the solvent, indicating its susceptibility to proteolysis. Because the conformation of side chains is generally more subject to error than the protein backbone in homology modelling, especially when the residue's identity is not conserved between the reference protein and the model, there is some concern that our predicted side chain orientations could be modelling artifacts. However, for the following reasons we believe that the orientations of Arg-81, Arg-195 and Arg-197 in our models are reasonable. First, in the homology modelling process, the side chains were oriented in accordance with the Karplus library built from side chain conformations observed in globular proteins [34] ; during subsequent energy minimization of the model, the three Arg side chains did not move significantly, indicating that they were already at or near stable local energy minima. 
DISCUSSION
The sites of nucleotide-dependent tryptic digestion that we have identified here correlate with sites of protein-protein interaction previously described for Rab5 and other small GTPases. The first site of Rab5 proteolysis, Arg-197, lies within an RXRGVDLXE motif shared by all Rab5 isoforms. There is evidence that this region is important for targeting Rab proteins to membranes [35] . The fact that this site is the most susceptible to trypsin cleavage but is protected in the GTP-bound state correlates with the observation that the Rab5 C-terminus can
Figure 8 Stereo diagram of superimposed models of Rab5 Ras :GDP (blue) and Rab5 Ras :GTP (red), showing residues 77-91
The side chain represented in atomic detail is Arg-81, coloured grey in Rab5 Ras :GDP and orange in Rab5 Ras :GTP. Note the difference between its orientations in the two models.
Table 4 Frequencies of amino acids in the Switch II(v) motif of Rab proteins
The frequencies of amino acids in 23 Rab protein sequences published by Chardin [42] are expressed as percentages. The Rab5 sequence has been corrected as described [10] .
Amino acid at numbered position (%) (4) Met (4) Gly (4) Arg (9) Met (4) Arg (4) Val (4) become prenylated in the GDP-bound but not in the GTP-bound conformation [36] . We speculate that the C-terminus is buried and inaccessible to Rab geranylgeranyl transferase in the GTPbound conformation. The initial site of Rab4 proteolysis is also located in the C-terminus, three residues upstream from the corresponding site in Rab5. The region surrounding the second site of Rab5 digestion, Arg-4, has been previously implicated in Rab5 function. Endosome fusion is inhibited in itro either by tryptic cleavage of the Rab5 N-terminus or by competition with an N-terminal peptide that requires the four N-terminal amino acids [16] . However, truncation of the four N-terminal amino acids does not result in any loss of endocytic activity in i o, although truncation of 19 amino acids results in partial loss [37] . Replacement of the 20-residue Rab5 N-terminus with Rab6 in a chimaeric protein leads to loss of Rab5 function in i o, whereas the addition of the Rab5 N-terminus to a chimaera that inhibits endocytosis converts it into one that stimulates [15] .
The third site of Rab5 proteolysis, Arg-81, lies within the Switch II region. Switch II is the only region in which superimposed α-carbon traces of the Rab5 Ras :GDP and Rab5 Ras :GTP models diverge substantially. The root-mean-square deviation for the eight trypsin-accessible residues of the Switch II region (residues 81-88) was 3.32 A H , compared with 1.52 A H for the entire protein. Figure 8 illustrates the magnitude of the conformational change predicted to take place in this region on GTP hydrolysis, including a loss of helical structure in residues 83-87.
The Switch II regions of several GTPases have been shown to participate in protein-protein interactions. For example, Ras proteins require specific amino acids within the Switch II region for interaction with Raf-1, B-Raf, phosphatidylinositol 3-kinase and guanine nucleotide exchange factors [21] . Similarly, the Switch II region of the α subunit of transducin in the GDPbound form is accessible to proteases [38, 39] and interacts with the βγ subunits of the G t trimer [40] . Direct evidence for the importance of the Switch II region in Rab proteins comes from an endosome fusion assay in itro in which an R81A mutation in Rab5 decreases its activity moderately and, when introduced as a second mutation, completely prevents prenylation and the inhibitory effect of Rab5 N133I [41] .
In comparing the primary structure of the Switch II regions of different Rab proteins [42] , a loosely conserved motif [ArgPhe\Tyr (aromatic)-Arg (basic)-Thr\Ser-Ile\Leu (aliphatic)-Thr-Thr\Ser-Ala\Ser] was found in those amino acids (residues 81-88 in Rab5) having nucleotide-dependent trypsin susceptibility and a high degree of conformational mobility by modelling (Table 4 and Figure 5 ). Only the aromatic amino acid in position 2 is conserved throughout the Ras GTPase superfamily. We term this Rab motif ' Switch II(v) ' for its relative sequence variability. C-terminal to Switch II(v) is a region whose primary structure is highly conserved in Rab proteins but different from other GTPases (Figure 4) . We term this ' Switch II(c) ' for its constant YYRGA motif. Only the arginine residue in position 3 is conserved throughout the Ras superfamily. N-terminal to Switch II(v) is an invariant G-domain (WDTGAQE) involved in nucleotide binding and hydrolysis (Figure 4) . The tryptophan at the beginning of this motif is found only in Rab and Rho GTPases, whereas the other residues are found in all regulatory GTPases. In summary, the Rab Switch II(v) region is flanked on both sides by sequence-invariant regions. We propose that the variable residues of the Rab Switch II(v) region have a role in determining the specificity of protein-selective interactions, such as those with certain effectors, GTPase accelerating proteins and guanine nucleotide dissociation stimulators [8, 43, 44] . The highly conserved residues of the Switch II(c) region might mediate family-wide interactions, such as those with Rab escort protein, GDP dissociation inhibitor and prenyltransferase [4, 5, 45] , or they might act primarily to increase the affinity of proteinspecific interactions mediated by Switch II(v). In support of a role for Switch II(v) in determining the specificity of macromolecular interactions, Rab proteins that interact with Mss4 have nearly identical Switch II(v) regions, whereas those that do not interact with Mss4 have distinct Switch II(v) regions [46] .
